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ABSTRACT 

I he purptnc of this iru4-Nii|uli'>n »j> lo .K-M^n jn.l «.onducl J wind tunnel lr\l >»huh 

Jcmonslralrü Ihr lrwhilil> <>l jppl>inK Mind funnel UvhniqucN lo Ihr jcr«Ml>njinK hcjlinp 
pri>hlrm% rncounlrrrJ in ihc supcrvmi«. «.jrruitc of oxlonul stores Ihr lr\l incorpnralnl 
Ihr iluriii.iiu.iphK phosphor pjml irvhmqur on jn MK-M4 %iorr jlUchrd to the U-ii inhoarJ 
pylon of J 0.05-v.alr model of ihr I 4< . Ihr U*\i **\ nude j| nnminul Irre-slrrjm Math 
numhefN oi I 4'» I "h 2 i«) jnd .' ^<» jl nonunjl lu-r->lrejni unil Krynoldx numheix 

hel«rrn J.67 x 10* jnd 4 64 \ 10* ft >. and jl jinull jnglrs of jtlack of 0 and *4 

de* I\pi-jl hrjMrjn\frr-rale di\irihuli<>n% on Ihr MK4i4 jrr prrsenled nu-riii«i|DjpJiu 
|)jtj..t|i»r phoiofuphs are JIV> invluded xho^ing chauvlemlk' healing pallerm on Ihr 

i Mirii.il siorc jnd Mgnificanl vanalions in the luMl-lnnsler «.oellKirnl al tartou\ X I. 

l<Kjlion% sjused h) IIKJI "hot \pol\ " Other photographK dalj illustrate the coniplexii> 
ol the ll<m  lield jrtHind the «tore 
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SECTION I 
INTRODUCTION 

In Dcccmhrr of i«*7l, I ptinn (Krf h prcM-nlcd a paper at Ihe Aircraft/Store« 
(umpalihilily SympoMum in which he dm,uned tupenorac carruitr of conventional 
«capi>n». Some of I IK* important concluuons to be drawn from that paper are (I) many 
\upervmic aircraft \iorc comhinationN arc \pceii "limited" hy »lore aerodynamic heatinf. 
il) flight test oaliution «if all aiaraft «tore «ituatiom i% not povahle. and (3) the 
complexity of Ihe aircrjll \torc How environment defic» analylk dctcnplkm 

l-iyure I1 (Appendix 11 illuctratc« how the performance envelope of a typical 
prexent-da> aircnill hj\ been xeverdy limited hy external %lorc healmg. I'nforlunately. 
thexe limitalKtn% arc vtmclimex impoxed hy "arbitrary temperature limilx- on Ihe xtore " 
Almoxt all prc\ent-dj) b«>mb« ami fuxcx have, ax then exploave charyv. xome form of 
IM Mhich iiH-lls at about |7h When thi» exploave meltx. it becomex umtable and 
ver\ danyerouv Ihtwever. lo ileleiimne Ihe jelual temperature of Ihe INI in flight one 
mtixl  kmm   Ihe  lolhminp 

I.      The maximum lemperalure allamable at tlu* xpecific flight condition (i.e.. 
T.» I. xce Kig. I. 

J       Ihe  rale al  which he.il ix iranxleircd to the xtore. and 

.V     The length ol  lime al a gnen  llighl condition 

Ol thexe three, the heatlranxfer rale i> b>  lar ihe hardest lo Jelermmc. A» a mull. Ihe 
adiabatic «all temperature (Ijm » ix ollen uxed ax a conxervalhre linul 

Some analylk work ha\ been done on store healing, for example, under a contract 
with I ghn Al B. llw AniMuir Kesearch i oundalitm perlormed exlenuve calculations of 
Uore healing Jislnbulions lor Ihe case ol a MARK M.t bomb in an interfer-nce-free flow 
field (Kef 21. Ol course. UK- actual How held is Ijr from mlcrlerence-lrre ax will be 
stumn bier in I his report 

Ihe purpi>se ol this irnesliiulion was to design and conduct a wind tunnel lest which 
demonstrated Ihe leasibihly ol wind (unnel lesling techniques as applied to the «tore 
aerodynamic heating problem. Ihe «lore thermal environment wax obtained uxing the 
Ihermographic phosphor paml technique flu phosphor data pmvide a complete thermal 
mapping ol the heal-lransler coefficient dislnbulions lor wind lunnei condiliofu. II proper 
scaling laws are known, these heal-lransler-rate distribution« can be extrapolated to flight 

A umUf DfMrr w»\ ptnmlfil in (Ul    I 

*ll »K.MtiJ hr ritipluMWd ihji »ihri klMM -—1 itn> tnln»I Iht fetlm 
|i>««ra  irihnK|ur«  in  hcllrt Jrfitir  Ihr  »li.fc   Irmprtaliitr knuui»«* 

nwiHr «i«tii|ir. Iml Ik» »fun t% atf«tt«4 
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innJilK>n\ I »u-n «nlh the aid of exiting heal conduction iompulrr codn. ihr hral-lramfrt 
di%lnhulion\ (or flighl condilHin% can he mcoqMiratrd with aircraft (lifhl envelope« lo 
prmiJf rciltxlK \lore li*mperalure% lor flifthl. Ihix could Mfiuficantly improve Ihe current 
aircraft operating limit\ with external »torei and help to provide a "total force... operatin« 
at near the de%t«n %pecd of the aircraf!."1 

Hu te«t w*\ conducted in Ihe von Klmtin (its Dynamic« Kacility (VKK| 40-«n 
Suprrv>nK V^md funnel (A) at Maih numhen of 14*». 1.76. 2.00. and 2 SO. and nominal 
Inr slrram unit ReynokK number« from 3 67 % |0* lo 4.64 % lOVfl. A O.OS-Kale MK-A4 
»a« uvrJ a« Ihe external %t<*e and an evntiny h-4(' trntdel wa« uird to «imulalr Ihe flow 
held ol Ihe parent body Ihe parent model orienlaliom conM\led of ancle«-of-«tUck or 

0 and  • 1 .In:    I »" hjM«.  cimfifuraliom were le«led 

I ■4C/MK-M/Wini PUEl TANKS 

l-k  MKM4WIIIIOIIT FUH TANKS. 

SECTION II 
APPARATUS 

2.1    WIND TUNNEL 

lunnel A i% a lontmuom. clo«ed-circult, v«nahle drnuly wind tunnel with an 
automalicall> drn^en llexiNeplale-type noz/lc and a 40- by 40-in le«l section Ihe lunnel 
can be operated at 'lach number« from I 5 lo 6 at maximum «tagnation preaure« from 
2** to 200 p«ia. re«peclnely. and slayn^lion temperature* up lo 750*R (M. • 61. Minimum 
«tperaling prewurex range frtmi about one-lenth lo one-lwcnlielh of the maximum at each 
Mach number, lunnel A ha« a mtnlel injection «ystem which make« H pomihk lo chanfr 
model confifuration« witlutut inlerruptinf Ihe tunnel flow dig. 2). A de«cnption of Ihe 
tunnel and airflow  calibration information may be found in  Ref   i. 

22    MODELS 

A photograph «bowing Ihe I 4< parent model with Ihe MK4t4 and fuel tank mounted 
i« pre«eried in lig. ^. Only the MK-X4 bomh mounted on Ihe inboard pylon ol Ihe left 
wing wa« imtrumenled. 

Ihe 0.0$-v:ale MK H4 «lore wa« fahncated at the VKF. The «lore model wat 
constructed of (-7 epoxy becau«e ol it« low thermal «.onductivity which n required for 
Ihe Ihermographi«. pho«ph«>r paint technique In addition lo the IhermographK paint, the 
«tore wa« mxtrumented with a (»ardon heat-tramfer-rate iBge and two wad temperature 
gage« Model detail« and in«lrumenlalion k>calion« aie «hown in Kig. 4. It thould he noted 
that Ihe MK4(4 «tore wa« at a   l-deg angle of incidence in the carnage poution. 

H al Taitml lidM« Sr« (tpfi-Minr Ik .•' C^nrid  «Mum W..m>ri   TAC' Q 
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A «krlch illuMrjling Ihc rcUlnr u/c of Ihr I'-K . MKK4. jnü lud unk i\ prcxnted 

in I iK   5. and the l«o pylon «laliom on each  winy jrc inJk'alrd. 

23     INSTRUMENTATION 

2 3 1     Tharmographic Phosphor P«nt 

I hcrmographic p'imptiorrn.cncf i\ the oniiMion of lumin<v.rnl li|thl hj%iny 

Icmprrjlurr-dcpcndml inlrnMl> Ihjl decrra^o r\pi>ni-nlij||y with mcrcjMnf Irmpcralurc 
Ihr i'jini phi^ptw . v. CIKI- IN «.iivjlcti h> ullrj«i<>k'l (IN) lifhl. jml ihr inlcnuly of 

«miuion4 ik-pcnJ» or ihc pnipcrlicN ol ilu- pjrlKubr ph(>%ph<>rr\4cnl pjinl .iful the cncrK> 

of ihc jvli%ilin|i ulirjMiHii liitl't j\ well JS ilw Icmpcralurr. A ploi of Ihc enimkm 
briyhlncu lor Ilu- ph<nph(tr (i>cü in Urn lc%l i% gjvrn in lip (> j\ j IUIUIHMI ol IcmpiTJlurc. 

Ihc inlciMily of ihc ulirj^ittlci hghis i.u ihi« u*>l wjs nominally 2.8 ullra%iokl hfhl unilx 

i:«0 nw/cm2) 

The Icthnique lor obiaminf Ihc nxKld \urla«.e lempcralure pjllerm ji ihc JcMrcd 
le%l lonJiliom >■ IIM«IN ol plioiiiia'jphine ihc pjinlcü IIHHJCI %urfa«.c .md mcaMinnfi Ihc 
oplical dcn\il> ihriifliiiuvsi ol ilu- rcfrdcd mugc Ihc mcasurvd film dcnuly is rclalcd 
lo Ihc model \urlace l.> .pcralurr. which can he reblcd lo ihc Mirface jcrodynamic 
hcal-lramter «.-oefruicnl .s wiM 'c divux^cd jjlcr 

The model pho\ph(ire*.cnce phoiograptis were obljincd uMny BCJIII« •( oleman 
Vanlron® 7(>-nim u*(|ucnt.c ca-i eras scl JI f 4 and U 5-M\ cxp«»sure linicv I aslman Kodak 
Tn-X Pan® film was dodoped usiny Ihc   I aslman Kml.ik   Ncrsamal® priKCNs 

2.3.2    Hwt-Trantfar R«M 0«|» and Mall  T«mparatur« Gagai 

A Ciardon hejl-lraoslcr-ralc ^K«.' and Iwo wall Icmivralurc faiurs were used lo iiH)nil<>r 
healing rale* on Ihr MUHJCI   Iheir physical kkalions on Ihc model were sliown in I i|t 

4. Ihc hcaHramlcr-rale yaite operale\ on Ihc dardon luge principle iKel  41. and a sketch 
ol j typual itaKc is shown on  Ihc nyiilhand side ol  I ig.   1 

The Iwo wall lempcralure gayes operate on the basic thermocouple principle with 

Ihe two dissimilar metal-wire leads disided into very line "whisker»." Thh was done to 

reduce vonduclion Imso A sketch ol ihc bjsic construclKin ol a wall tcmperalurr gagi- 
u sliown on the left-hand side ol I ig 7 I nlorlunalely. conduction losses were not 
eliminated, and the gage readings were observed to he con\isienlly low i ' I i For this 

reason, data from the two wall temperature Mgcs were not used in Ihe data reduction 

*ln at4n lo pttWMl» • poMl 

Ml«  fkmftliM  pMtM   «MM M 

rrfWilt«« h^kgnMmi tat Ihr pfco»!*«* fmnl. Ihr irnkkt •«« pmi>t*i »hi i l«rl.«r 
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SECTION III 
PROCEDURE 

3.1    TEST CONDITIONS AND PROCEDURE 

3.1.1     TMt  Condition* 

the nomirul lunncl upcrjtinfl conJilKtm wert »\ lolUmx 

M, p...tnu TQ.'R P,.N uit/R^ V..II 

1.49 15.0 638 

176 17.0 638 

2.00 21.1 639 

2.50 29.2 638 

A complete lest summary is prcM-nlcd m 1«bk I (Appendix  III. 

3 12     TMt  Procedure 

I he test sequence consisted ol inieding the model into the aiiMrram, Iranslalmp 
it lof^ard to the lest section, and takmit lour photographs of the inodel at 4-sec' mlervaK. 
The model wa» expo>ed to the airtlow ah»>ut 10 se*. helore reachmit the test section, 
and the m«xlel remained in the test section for approximately 16 to 18 sec. The model 
A.IN uMded to .ii'.ini 70 iu ^n I prioi to each injection Ihe (iardon ^t.l^!l• heal link 
temperature and the model wall temperatures were monitored dunng the coohnit cycle 
to ensure a uniform temperature dislnhution before a subsequent  injection was made. 

The outputs from the two »all temperature iBfies and the (iardon heat-transfer gafte 
wert recorded continuously from helore the model injection until the beyinninit of the 
retract cycle. The recordings were made on magnetic tape with a Beckman 210 
analog-lo-digital converter, each channel being sampled every U 05 sec dunng Ihe recording 
interval. Indicate hits marked the time sequence of such events as model arrival on 
centertine. model arrival at test section poution. and the time» at which the photographs 
were taken. 

Becauv; of the obstructed side view of the instrumented model hy the other stores 
and because of the desirability of having the (iardon gage visible m each photograph (for 
esUblishing relerence levels in the phosphor paint datal, the parent body model was rolled 
t45 deg as illuv <led in lig. 8. Two cameras were used (one on each side of the tunnel) 
so that the healing patterns could be photographed from both the inboard and outboard 
positions by rolling the model -I*1 and +45 deg. respectively A typical black/white picture 
of the  phosphor-painted store with the parent body rolled ♦45 deg is shoMm in Fig. 9. 

J 
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3.2    DATA REDUCTION 

Ihr jvrtHhtumiv tujt lrjn\l« r «.HMU unt jt ihc «.anlon mc liKalion wj« computed 

'-•      T—TT  H» 
am - 

• •«• 

»here the hcjl-lranxfcr rule igl jtui tin cffccttvc WJII Icmpcralurc (Ta        lof thc(ardon 
luyc »ore ohumed  JN loll«tw\ 

«•<• 
• r, . o.:v\i. <3) 

The si.mi.>n  number %kj% vtMnp».' tl j\ 

where  the   ipccifk   heal  «>(   air JI  comtaiM  pressure  ii'f) wa% aaumed to  he 0.240 
Htu Ihm  K 

Becjuse ol powiHIc iioiuinilorinilK-s in either the phmphitr coating or the incident 
ultraviolet li(!lit ii<»r cvjiuplc ihadowi catMd hy model gteotnetryl, pretest pictures ol 
ihc model Merc .»M.niuJ in tin- lest wclion under Ihc s.mu- «.ondilions thiit \»ilhoul the 

tunnel runmniM llut existed lor the lest pulures H\ suhtractmit the mcüsureü oplKjl 
density ol the pretest picture Iroin the corresp«>ndinit test picture, the inlluence ol these 
nonumlurmilies \*js climiiuted from Iks linal results. In other words, the Niick/white 

picture Hut is jnjl>/ctl is the ilillerence between the lest picture posili\e jnd J negalixe 
ol the pretest picture I he superposition ol these two pulures yields the difference in 
density between them I his difference in film density JS shown in lig. I "a represents 

the change in temperature between the lot conditions  and the pretest condition 

Data reduction of the lilm density patterns wa» accomplished usinf a Dalacolor 
7())-.t2® analy/er I he Dalacolor system uses a black white television (TV I camera lu 
produce a standard l\ signal or image, ol the test picture. A digital video prucev^x 
analyzes the shades ol gray in the IV image and classilics them into increment]» or shades 
ol gray < twelve increments were used in the present analyttt). A diflerent color is assigned 

to each increment, and the appropriate color IV signal is generated hy the digital processor. 
these signals are then displayed on i color monitor unit. The color photograph 

corresponding to lig. 10a is presented in lig. lUh. lach color in this photograph 
corresponds to a specific  model  wall temperature rangr. 
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Ihi- comctiion it.uu MHUUI wail Icmprulurr nn|to to jK,nHl>njmK hcjllransfer 

VIH-IIKUMII ih J I IN jivtHtipliNhoJ b> j\%umin|t Hut the » jll lempcrjiurr rr%piin\c- ■% Mttular 
l" Mi ii ol J H'IIIImlimU* xlil1 It UuuiKl K poinlinl «Nil thai the loci o( the wall 
li-nipi-rjluri*> mkrivii Ironi the phoNplmi p.nnt wj\ jü|(i%ifU lit jjtfcc »iih ihovr infcrretl 

ftOM Ihi- (tardon fjp: I ho lu-.it i.«>ntIiKlK>n equation loi the wall tempcraturr me of 
j M-niiinlinitc vljh  IN 

'«- «. 

«kllCfC 

i      .    1    -   ^*:rrlr/< (SI 

Ihc aJuKiiK »ill lcni|«rralurv IT«« I CM K Nhown to K npi.il to alvNit 0.1 I,. Ihr 
initial MJII lcni|vrjtuio tl,» JIKI HU ilafnalMUl Icinpi-utim- (I,. I »crc ohtjimtl Irom Ihc 

ii\<»r«linc> ol |IK- Hi\kiiun 210 analo|ilo-«ii|iiljl «.omvrtit I IK- wall Ictnpcrjlurr ranito 
Irom the IOIIH plio|«»Ki.tph .iic uifolMulml mlo ilu- K'll-h.inil xulc of lt|. (11 MI ili.it valuc% 

ol $ «.an K-  ilclcrnuni-tl    I Im» 

llicinatcnjl prop« ri> panimclff tv'piil waN ilctcrmiiK-d to he Ü.O.M) Blu ll^wc"'-^ 
lot IIK* MK-M4 m HICI tnalcrul it   1 cpox> I. and At b Ilu- oxpoMirr linic to Ihc airllo« 

3.3    DATA PRECISION 

I tui-rljinlK-N lH.intlN MIIUII HUIIKK- *S pcficnl ol ihc «.jlihr.iiion J.1I.11 in Ihc hjNu 

tunnel pgramclcn «p. I ••»(l ^'., •*•* olmuli'd Irom repeal ctMhtMom ol lite 
inNlnimcnlalion jml from Ilu- ropc.ilaNil> nul unilonnity ol lite ICNI wcttM Ho« dunnn 
luntK-l vjlihralions llu*\c- urnortjintiCN Merc Hun used to CNlimalc iineertainlic\ in other 
ii^i Nircjm prop^-rliex u.mir ilu laylor serie\ method ol error propagation. Ihc re\ull\ 
jrv labulaled   K'lio* 

I ncerUinty IM. percent 

Sommal  M^ W. Pu ■y Pm V. Re.fl 

14'» (i ' 0.5 0.9 I.S C.7 1.3 
l.7h 0.7 05 O.M 1.7 0.6 1.4 
2.00 OS 05 0«» 1.5 OS 1.4 
2.50 l. \ 0.5 0.9 1.3 0.5 14 
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McjMircmcnl\ .»I model jllilmli- in pilJi jnd roll jrr precise «ilhm t0.05 and 10.1 dcf. 
rc%p»\li»Hy. hjM.il <H\ rrpcal valiHrjti«>n\ 

Ihc c%linulcd piiMMon of ilu IMTJI lrjn\lcr corlfuicnl li-\d% lor ihr (>jrdon fjge 
and Ihr Dalaiolor %>\lrin arr 

faraimirr I nirrtainl>  « • ». percent 

•V.^ia-n  <•««# '* 

N* «la« ••lot -*** 

flu- rrlalocl) laryr >alurs IIH iluv iinvrrfainlir> i> dirrclh allnhulahlr to Ihr low driving 

p«>lmlial <Tim I« I Uul rxivlrd lor ihr prrvrni lol Ih«. I-M parrnl model uwd f«H 
thi> u->i vkj> rolruu-il lo a MUVIIUUIM Mairiulion Irmperalurr of INfTl-. Normall). Ihr 

tunnel A slaitnalion Irmperalurr would he jhoul 501 higher which would \uhManlull, 

reduce Ihr uncei1ainlie% ifuoled aKtve ll \h«>uld alv« hi menli<med lhal the aho%e valuer 
are hawd .viU nn uiui-rtjinhex of meaMired parameler\ and do not include uncertamlir« 

which ma> he allnhulahle lo \ioialion\ of the xemi-mlinile \lah a\Mimplion% if dtould 

he rmphasi/ed. however, that lov.il \analion% in the heallraiiNler iiH*llkienl were clearl> 
discrmiNr m the dala. and  "hot tpofs" were eaMl> detected 

SECTION IV 

RESULTS AND DISCUSSION 

4.1    WIND TUNNEL  RESULTS 

In I p\tein'N paper iKel ll. the reMncliom imposed on aircralt \torr comhmalions 
h) "arhitrary" temperature limitations weu- IIIV.USH-J \t that lime, there were no 
ancptahle techniques tor determining realistic store temperatures at low supersonu speeds 
other than Ihidii !>\i represent tlot- ..ises. Ihe coktr photogtraph presented in 11« 10shows 

heat-transler coeffkienlt on an external store obtained at simulated conditions in a wind 
tunnel h> application ol the Ihermofraphic phosphor technique this demonstrates tie 
feasihilit>  of using this technique for the store aerodynamic heating pn>hlem, 

Additional Dalacolor photographs obtained on the outboard side ol the MK-N4 are 

prewnted in lig. II. These photographs compare the "luel tank <>n" heating patterns 

on the MK-K4 with the "fuel tank oft" patterns One might expt-ii that the luel lank 

how shock impingement on Ihe outboard side ol the Mk *4 would prodiue a hval "hot 
spot." Clow inspection of the photographs does, in fact, show locah/ed "hot spots" lor 

the "fuel tank on" configuration The fuel tank bow shovk unpingeim-nt is suhstantiated 
by the shadowgraph picture presented in I ig. \2. which shows that the hvation of the 
s. o.k impingement on the MK-N4 is approximately Ihe same as that ol the "hot spots" 

khown in Fig. II. The photographs shown in I igs 10 m.l II \i\idly illustrate that the 

Dalacolor analysn of the Ihermographic-phosphor paint data can provide good 
quantification of the thermal environment of an external store. 

. 
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In I i|t I U. IIJIJ v «MinuriNottN jrc jyjin nude Kclwrrn "lucl lank on" and "furl 

Unk oil" hctlinft Ji%tnhuli<in\ IIH llu- miiKuiil \uk o| ihr MK-K4 (inboard tlntnhulton» 

arc civiii in I in I Ihl lloworr. in lhi\ cavr. Ihc data arc prcMrnlrd a> J\UI diMnhulion 

plol% lot ,i smylv radul POMIHHI d.« . #i«« I ,v dofl. Ihrv* diNlrthulK>n% werr obtained 
by making daU lainn|t% Irom lb« corrrxpondiny DJUCOIIH pholiiftrjphN hw #,ay » 135 

den H> t'l.tmn Ibc xial IIKJIIOI ol Ihc vjritHi% «.olor vhannt',>. (be rrlainr hcjlmft IrvrK 
»err delermined al< n* Ibe IIMHICI In addition, tbe relati\r \lo|v ol ibr bealinii di\lrihuln»n 
at eacb cobn cbanite «.an be determined b> u» « rv-mr «bub cohn «.orropond« to the 

higher tempcrjture llo*e*er. a compamoii ol these axial di>lnbution plots «ith tbe color 

pbot«t|tfjpb\ »»I I I^N Id and II clcarl> \hows the advjntjgc ol ihc Liter form of data 
prr%enUtion. 

Addi.ional axial distnbulNtn dalj lamn^x are prcscnlcd in I i^ 14 jnd 15 Thexe 
datj show the inllueiKe ol jitfilc ol JM-KV. jnJ radul p«>\ilion lor Ihc xpccilu «.onditKinx 
listed there jre larfe vjnjlions with radial position il i|( 15» JS llu Ho« field is i>bsiousl\ 

not axisymmctru More mlormation reyardmn tlu* IVm held jiul surface strejmlines can 
be •■Mniu-.l b> examination ol oil Ho» photoftfjplis Dunnii ihc present lest, a limited 
nurtK-r ol oil ihm phoiofuphs »ere obtained, jnd 4 represenUlisc one is prescnled in 

I i|t    In.  Mere again, llu   Ihm  licUl complexity is \ixidl>  illusluU'd 

4J    APPLICATION OF  MIND TUNNEL  RESULTS TO FLIGHT CONUITIQI IS 

in Section I. it »as implied that tbe heaMranslei v<H'llKienls determined j| Ihc 
ximulated conditions in the wind tunnel ».«mid K used to proxide rejhsti«. siorc 

temprraturrs Mi ilmlu «.onditHtns Ibe s<.henulK pri,*sented in I ig I? ilhistrato the 
procedurex l<tr avoMiiphshinii this jnd tbe Uble behm prmides j "status rep<»rt" ol CJK\\ 

item. 

Item Status 

lleal tranxler rjtes 
nvjsured in *ind tunnel 

I casibihl>  demonstrated by this 

I lie' i  v.ondilHins 

Aerodynamiv svaliny la«s 

I mu.Min of j pven mission 

( an be determined by correlation of 
llilthl jnd «md tunnel data 
(tenljtive pr<ntrjm i-urrently in 

planmnit stage I 

lleat-trjnsler rates ItH 
High I  conditions 

I ufKii.Mi ol specific confifuration 
jnd mission 

( omputer code  lor store 
heat conduction 

Asjiljble Jt   Mix   (Kel    S) 
checkout runs complete 

Temperature distribution on 

»lore Iflifbt» 

SlMc-of-tbw-art tecbm>loj:>  axailable 
lo perform  task 
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\\ vjn he M.trn. the Jclcrminjlmn ol üu- pntpi-r .m-xUnjim». \«.jliny law% is t\w MC* 

«here future ellnrts should he iliWrtrJ \ h\p<>llu IKJI Jelertiurulion of the proper 
jeroJytumK svjltnit IJ^N «.jn he oNjinetl h> j\Miiiiin|( llui J lurhuient houndary lj\er 
ttifA* l»r hoth tin- lli^ln nul MHHI lunnel ^ondilioiiN I «u lurhuknt hound^ry üyer\ on 
Minple |ii*omelru*>. il CM he \ho«n iKel   f»l tlut 

VHr, >'   *   -   rawM «7» 

lo UluMrjIe the jpplu .iiit>n ol wahrtir lawt lhi% reljIioiKhip *J% used to .-xlupoUte the 
prex-ni dilj to ili^iit vondilKui% It diould Iv einphjM/id Hut Ihi»exlrapoliUon technique 
IIU> or IIU> not Ix- jpplujhle lo MihMunlute this pnKitlure J direct «.orreljlion hetween 
lliltht   lest  >l.it.i  .in.!  »ind  Itimui  d.ii i  SIKHIUI  he  iiude 

Iqiutitm (7| ijn be  »ritten  «« 

[•WH., ,' ^ .  [VH., ■•   ]t 

»huh reduce« t«» 

IN» 

'|M     * M I'M 

»here  Sl^,    i% .Kliiu»!  a« 

Kejrrjniunit  IM   llO|fi*c% 

> 

i" 

!•< 
A, \ i 

I 101 

v 
V^v.^jr/»■ HI. 

DM preM-nl MJVII 2.0 »nul tunnel 1I.1I.1 tu\e heen extupoUttd lo lliithl cOMdMo« 
it 'tMNm ||. .nul thew ri*\ult% jre dio»n in I i|t IN. A1M> \ho»n n I if IN ts j hejlinp 
ml« di\lnhulion ohuuied Ironi Kel 2 lhi> lheoretK.il dixtnhulion »JS hjxed on jn 
inlerleretKelree Ho»   held .il   \l ,211   Sole tlut the theorelKjl IJUHIJIIOMN »ere JN 

much JN KM) peuent K-lov  tlw date I. innir ol the present le>l   I his emplusi/es the lavl 
tlut  llu   k.oinple\il> ol tlk* jiurjll store Ho» emiromnent defies JIUI>IKJI dewnplmn. 

In Kel .V hejtmiirjte ilislnhutions »ere pfctcnled lor altitudes Ironi Ü to lUÜ.ÜÜÜ 
Il I xtupoUlion ol Hie »UHI tunnel data to \jrious alniudes h> the 4h«ne pmcedure» 
is dlusiuled in I igt. I1'. Ihe nnpluit assumption in this extrapolation is that the healinf 
i.iiv   distnhution is not a IUIHIIOII ol  Kexnolds numher lur a lurhuient houndary layer. 
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SECTION V 
CONCLUSIONS 

\i-r.KUn.iiuK hcjtmft ic\t\ mctv a>n.1<Kicd on an MK->i4 bomb nHMlri mounted on 
the kit inhoanl pylon ol J 5 percent-wale model ol the l-M . Ihe lc\t wa% run «I nominal 
lrve-*trvjin Mj«.h numbers ol I 4*1. I 7b. 2.00. and 2.50. ( omplete thermal mapping» were 
obtained h> the Ihermofraphiv-pfonphor paint technique Bated on an analyus of the« 
data, the primary concluMom are 

I (tm ime\li|utK>n ha% dciuomtrateil the leaMbihty ol applyinf a wind tunnel 
te%ting technique to the »lore aerodynamic heating pntMem 

2. Diermal mapping indicate that the I.KJI "hot \pot%" pn>dut.cd Mfnilicanl 
>aruiK>n\ in Ihe heat-lramler coeHkient at \anou\ X'l   ItK'ation». 

.V Photographic data dearly illustrate (he complexity ol the How field around 
the »tore and interlerence-free calculation» can be UN) percent belo* Ihe 
mea»ured »alue» 

4. Ihe Datacttlor analy»i» ol the tliermofraphi«.-pho»phor paint data pnnided 
food quantification ol  Ihe thermal emironment of  an external »lore. 
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Fuel Tanks Off 

oca I "Hot Spof 
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Value of h ., 

ruel Tanks On 

a.   M^ « 1.76. Rejft - 3.84 x 10« 

Crosshatchmq 
Denotes Areas of 
Invalid Data 

Fuel Tanks Off 

Local "Hot Spot 

Fuel Tanks On 

b.   VL = 2.00, He Jit = 429 x 106 

Fig. 11   Datacolor (Thermographic Data) Photographs Showing the Influence of 
the Fue< Tanks, c = 0, Outboard Side of MK-84 

Preceding page blank 
Ht-produced   dorn 
besl   available   copy. 
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Fig   12   Shadowgraph of  Two MK 84 Stores Attached to the Wings of F 4C with 
Fuel Tanks, J     Ü, Re /ft     46 x 10!', M       1,76 

Preceding page blank Ropioduccd   from 
bcsl   available ■spy. 
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